I. Introduction
In the economic analysis of its proposed ergonomics rule, the Occupational Safety and Health Administration (OSHA) references case studies and academic journal reports linking productivity gains with workplace changes designed to reduce or eliminate workplace ergonomic risk factors. (Physical stress on the body is associated with repetitive motion, forceful exertion, vibration, and awkward posture. Left uncorrected these risk factors can result in injury or disorder to muscles, tendons, ligaments, joints, cartilage, and spinal discs.) The weight of the evidence evaluated by OSHA and presented in its "Preliminary Economic Analysis and Initial Regulatory Flexibility Analysis for the Occupational Safety and Health Administration's Proposed Ergonomics Program Standard," November 1999, leads the Agency to conclude that efforts made to reduce musculoskeletal disorders (MSD) in the workplace often result in workplace productivity improvement. This conclusion is important and supports OSHA's belief that the cost of workplace reforms made to address and reduce MSDs in the workplace will be compensated by productivity gains. Productivity improvement is realized by workers being more efficient and working without the danger of physically breaking down because of awkward or repetitive motion or violent impacts on the body. We analyze the relationship between industry MSD and productivity changes during the 1990s and find support for such an association.
II. Research Approach
To evaluate the empirical evidence concerning the relationship between ergonomic interventions and productivity, national-level data by industry were compiled.l These data were used to test hypotheses and investigate associations regarding MSD rates, changes in MSD rates, the implementation of ergonomic controls, and changes in productivity. Data analyses included correlations between variables with tests for statistical significance, across all industries and within certain subsets of industries. In addition, specific industry groups were identified based on values of particular variables to determine whether any unique characteristics would be observed. The approach and the findings of this research follow from and are presented in the context of the theoretical expectations and the conventional perceptions about the nature of the relationships between these variables. 
III. Theory and Expectations
Traditionally, labor productivity has been viewed as a measure of technological and organizational efficiency: how many person-hours per unit of output. Empirical data on productivity changes in individual industries reflect changes over time, including technological change, use of contract labor, contracting out production, and purchase of preassembled components. A recent report (Oliner and Sichel, 2000) identified technology as the prime mover behind productivity change in the U.S. economy in the late 1990s.
As societal welfare increases, one would expect increasing average employee compensation, increasing average productivity, and lower average MSD rates. These trends should be mutually reinforcing, as supported by conventional theory and the effects of technological changes (increasing ratio of capital to labor). Trends in manufacturing are usually cited as the most visible examples. But broader industry measures offer additional confirmation. BLS labor productivity data for the nonfarm business sector report output per hour of all persons increased by 7.3 percent from 1992-1997 and by 16.1 percent from 1987 to 1997. BLS data on MSDs rates for all industries declined from 102.50 to 66.77, a reduction of 35 percent, between 1992 and 1998. We expected a negative correlation between MSD levels and percent changes in recent years and productivity increases.
Current reductions in MSD rates appear to result from many causes that cut across industry sectors: increased awareness of total costs associated with injuries; ability to control risks and costs has spurred risk reduction efforts generally; unforeseen/inadvertent increases in MSD risks caused by production process changes in the past have since become apparent and are being addressed; across all types of ongoing production process changes, increasing attention is being paid to ergonomic considerations as an integral part of process design.
In manufacturing, as labor is displaced from dangerous jobs, the incidence of MSD's should decline. In reality, though, all jobs are not made less dangerous as a result of process change. Process changes made to improve productivity may simultaneously lower MSD rates but not necessarily. Industries with different MSD rate/productivity trends in recent years were identified in this study. Some analyses of the economic characteristic of industries with particular MSD/productivity profiles was attempted. The analyses did not probe intrinsic industry process characteristics or profit incentives/constraints; the evaluation was guided and limited by the availability of relevant national industry data. This restricted the focus to industry-level revenue, employment, payroll, productivity, and MSD rate levels and changes.
Service industries have emerged as this economy's employment "driver" accounting for the lion's share of employment growth over the past half century. Importantly a large number of service sector industries have reported relatively high MSD incident rates. A research interest was to compare and contrast findings between manufacturing and non-manufacturing industries in order to identify differences. While high productivity in manufacturing could be achieved through mechanization and a lowering of MSD rates, it was not clear that this was an option (process change) available to most service industries. In services, higher productivity absent the option to mechanize oper-
